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The objedives of this paper are the foll owing:

- to summarize the recent progress in the
understanding of the growth medhanisms and the
structure of passve films on metals and all oys,

- to present recent data on the ealy stages of passivity
bre&kdown and locdized corrosion obtained by
Scanning Tunneling Microscopy (STM),

- to dscuss the mntribution of STM data to the
understanding of passivity, passvity breskdown and
locdized corrosion.

The data which will be presented have been obtained
by STM and EC-STM (in situ Eledrochemicd
Scanning Tunneling Microscopy), combined with
XPS (X-ray Photoeledron Spedroscopy) for
chemicd analysis of the passive films.

The metals and dloys which have been studied
include Cu, Ni, Cr, ferritic and austenitic stainless
steds. For the initiation of pitting the emphasis will
be placal on Ni.

I. Recent progress in the understanding o the
growth mechanisms and the structure of passve
films.

The general conclusions which can be drawn from the
studies of passive films by high resolution STM are &
follows:

- passive films are aystaline (on Cu, Ni, Cr, FeCr
and FeCrNi alloys),

- crystalli zation is grongly dependent on potential and
time (ageing o passive layers favors their
crystalinity),

- epitaxial growth is generally observed,

- surfacedefeds, such as geps, are preferential oxide
nucleation sites,

- the preferred crystallographic diredion of oxide
growth is governed by the lowering of the surface
energy, a processin which the hydroxylation of the
oxide surface by dissociative alsorption of water
playsamajor role.

Il. Early stages of pasdvity breakdown and
localized corr osion

STM is a new tod to investigate the initiation of
locdized corrosion at the nanometer scde. The
following aspeds will be aldressed:

- the dfed of ClI" on the structure of passve films.
Experiments have been performed in which Ni single
crystal surfaces were fully pasdvated in Cl'-free

solution prior to the adition of CI, or in which
passvation was done in Cl-containing solutions . In
both cases, it appeas that the atomic structure of the
passve layer is identicd to the one obtained in the
absenceof CI.

- the detedion of nanoscopic pits in the ealy stages
of locdized corrosion. After pasdvation of Ni at 0.85
V/SHE in N&SO,; at pH = 3 for 30 min., and
subsequent addition of 50mM ClI°, nanoscopic
metastable pits were deteded, with a lateral size O
20mm and a depth of 02nm (010 C per pit).

- the measurement of the density of metastable pits. A
high density of pit nuclei was observed in the ealy
stages of pitting (of the order of 10°/cm?).

- the identificaion of the location of pit nucledion.
The STM measurements on well defined surfaces of
passvated nickel reveded that pit nuclei are formed
preferentially at step edges of the metal surface

- the invedtigation of the mechanisms of
depassvation/repassvation of metastable pits. The
structure of the passive film in metastable pits was
measured by STM and was found to be identicd to
the one measured on the non-pitted surface

The oontribution of STM data to the understanding of
passvity, passivity breakdown and the initiation of
pitting will be discussd in the light of the @ove
results.



